Purpose of the Report: The aims of this study were to compare perfusion and functional parameters between early (ES) and standard (SS) post-stress gated SPECT MIBI, to validate ES against coronary angiography, and to determine whether ES parameters can predict future cardiac events. Patients and Methods: The sample included 63 patients with normal or mildly impaired left ventricular function and intermediate Duke Treadmill Score. They underwent a 2-day stress-rest gated SPECT MIBI with the poststress data acquired at 15 minutes (ES) and 60 minutes (SS) after i.v. injection of 740 MBq of 99m Tc-MIBI. The ES findings were compared to SS and against coronary angiography to determine their sensitivity/specificity for detecting 970% stenosis. The information about new-onset cardiac events was collected 26 T 6 months later. Results: Perfusion parameters did not significantly differ between ES and SS. Ejection fraction was significantly lower and regional wall motion abnormalities were significantly higher on ES than SS. The corresponding perfusion and functional parameters were strongly related (linear regression slope 0.65Y1.00, intercept j0.36Y8.5, R 2 0.98Y0.75). ES parameters had high sensitivity (96%) and specificity (83%) for detecting 970% stenosis. Lower early stress than rest EF (95%), higher early stress than rest EDV, and early SSS 98 emerged as significant predictors of new-onset cardiac events. Conclusions: Early post-stress gated SPECT MIBI yields comparable perfusion and functional parameters as the standard post-stress protocol. ES parameters are useful for detecting the existing coronary disease and for predicting future cardiac events. ES protocol is recommended for improving patient compliance and efficiency of nuclear cardiology services.
T echnetium-99m-methoxyisobutylisonitrile ( 99m Tc-MIBI) and 99m Tc-tetrofosmin have been commonly used for a gated singlephoton emission computed tomography myocardial perfusion imaging (gated SPECT). 1 A recent multicenter study by the Myoview imaging optimization group reported a comparable diagnostic accuracy between the early 99m Tc-tetrofosmin imaging and the standard delayed scan. 2 This poses a question whether the early post-stress (ES) gated SPECT MIBI imaging is as clinically useful as the standard post-stress (SS) imaging.
The ES imaging has several potential advantages. Shorter time to complete the study would be more convenient for patients and translate into more cost-effective services. Faster turnaround time would allow for expanding the indications to include more acute patients. In addition, duration of a transient post-ischemic left ventricular (LV) dysfunction after stress varies with the extent and severity of ischemia in patients with suspected or known coronary artery disease (CAD). 3 These changes may remain partially or completely unnoticed due to a current delay between the tracer injection and data acquisition with the technetium perfusion compounds. 4Y7 Therefore, gated SPECT MIBI early after stress may potentially detect wall motion abnormalities and stunning in patients with mild LV dysfunction or normal function and intermediate Duke Treadmill Score. On the other side, clinical utility of early gated SPECT with 99m Tc-MIBI may be limited by larger artifacts in the inferior wall due to a high liver and subdiaphragmatic uptake. 8Y10 The purpose of this study was to assess diagnostic and prognostic utility of the ES gated SPECT MIBI protocol in patients with intermediate Duke Treadmill Score and normal or mildly abnormal LV function. The specific aims were to evaluate quality of ES images in comparison to SS images, to compare abnormalities in perfusion and LV parameters between the ES and SS protocols, to validate the ES protocol against coronary angiography (CA) for detecting abnormalities consistent with a significant coronary artery disease (stenosis 970%), and to determine whether ES parameters can predict future cardiac events.
PATIENTS AND METHODS

Study Population
Between March 2008 and October 2009, 63 patients (mean age 58 T 8 years, 47 males and 16 females) with a suspected or known CAD were enrolled in this study based on the following criteria: age over 18 years, normal or mildly abnormal LV function (ejection fraction, EF 950% on echocardiography), ability to perform exercise stress test, and Duke Score on stress test from j10 to +4 (intermediate range). The exclusion criteria were a left bundle branch block, irregular heart rhythm affecting gating, significant valvular disease, coronary artery bypass grafting (CABG) prior to enrollment, and idiopathic dilated cardiomyopathy. In all subjects, CA was performed within 1 month of gated SPECT MIBI.
The information about new-onset cardiac events was collected at 26 T 6 months (range 10Y39 months) after the SPECT study through a telephone interview by a researcher blinded to the results. The events of interest included a cardiac death, nonfatal myocardial infarction, hospitalization due to acute coronary syndrome, and percutaneous coronary intervention (PCI) or CABG at least 3 months after gated SPECT MIBI.
The study protocol was approved by the Ethics Committee of Faculty of Medicine, University of Belgrade, and written inform consent was obtained from the study participants.
Data Acquisition
The participants underwent a 2-day stress-rest gated SPECT MIBI. The exercise stress test on ergo bicycle was performed first. The exercise endpoints were 85% or more of the maximum predicted heart rate, symptoms of severe angina, or 2-mm ST-segment depression on ECG. At the end of the stress test, 740 MBq (20 mCi) of 99m Tc-MIBI were administered i.v. and the post-stress SPECT data were acquired 15 T 5 minutes later (early stress, ES). The acquisition was repeated 60 T 5 minutes after the radiotracer injection with the same camera settings and after repositioning the participant (standard stress, SS). On the second day, the SPECT data were acquired during rest (RE) 60 T 15 minutes after the i.v. injection of 740 MBq (20 mCi) of 99m Tc-MIBI. All data were collected in the supine position using a single-head SPECT camera (e.cam; Siemens), with a high-resolution, low-energy, parallel-hole collimator, 180 degrees anterior noncircular orbit (45 degrees right anterior oblique to 45 degrees left posterior oblique), in 64 projections, step-and-shoot mode, 15 seconds per projection, zoom 1.45, and matrix size 64 Â 64 Â 16, gated for 8 frames per cardiac cycle, with T 50% R-R window and energy window set at 140 T 10% KeV.
Data Reconstruction and Image Analysis
The quality of data was assessed visually and by the heart/ liver (H/L) activity ratio with ROIs drawn on the anterior projection (20th of 64 projections). Using the e.soft commercial software, transaxial tomograms were generated from the gated projection data, reconstructed with the filtered back-projected algorithm, and reoriented to obtain oblique-angle tomograms parallel to the long and short axes of the left ventricle. The reconstructed data were projected as myocardial tomographic slices in the short axis, verticalY long axis, and horizontalYlong axis views. Gated SPECT MIBI data were processed and analyzed with 4D-MSPECT software. 11 The myocardium was divided into 17 segments following the American Society of Nuclear Cardiology/American College of Cardiology/American Heart Association (ASNC/ACC/AHA) guidelines. 12 A 5-point scoring system was used for assessing the MIBI uptake (4 = no uptake/background only, 3 = severe reduction of uptake, 2 = moderate reduction of uptake, 1 = mild reduction of uptake, and 0 = normal uptake). Total scores of MIBI uptake were calculated for ES, SS, and RE images, namely, the summed stress score (SSS), summed rest score (SRS), and summed difference score (SDS) between the SSS and SRS.
The regional wall motion (inward displacement of the myocardial wall during systole) was assessed by visual inspection of the cine mode gated SPECT perfusion images. A 5-point regional wall motion score (RWMS) was assigned by 2 experienced nuclear medicine physicians (0 = normal, 1 = mildly hypokinetic, 2 = moderately hypokinetic, 3 = severely hypokinetic, and 4 = akinetic or dyskinetic). The summed stress wall motion score (SSWMS) and summed rest wall motion score (SRWMS) were calculated for ES, SS, and RE images. Stunning was defined as the worsening of wall motion from rest to post-stress of at least 2 points in at least 2 adjacent segments of the myocardium, and/or at least 5% decrease in EF from rest to post-stress.
The LV end-diastolic volume (EDV), end-systolic volume (ESV), and EF were derived from the 4D-MSPECT software. Automatic LV edge detection was checked and corrected manually, if necessary.
Statistical Analysis
The difference in H/L ratio between the ES and SS protocols was tested with the paired t test to compare the image quality (aim 1). For aim 2, the group comparison was first made between ES and SS findings. The regional wall motion and perfusion parameters were compared with nonparametric Mann-Whitney U test and Wilcoxon signed rank test, respectively, whereas the global LV parameters (EDV, ESV, and EF) were compared with the paired t test. Subsequently, the correspondence between individual ES and SS findings was evaluated by the linear regression (slope, intercept, and goodness of fit) and the agreement was assessed by the Bland-Altman method (bias and limits of agreement).
To validate ES SPECT parameters against CA as the gold standard for detecting a significant CAD (aim 3), McNemar test was used to test the difference between the respective findings, whereas kappa J coefficient was used to determine the agreement between the 2 methods. The sensitivity and specificity of ES parameters were calculated using the standard formulas.
A series of analyses was conducted to determine whether ES parameters were significantly associated with new-onset cardiac events (aim 4). Unpaired t test for continuous variables and chi-square test for categorical variables were used for comparisons between the event-free group and the group with cardiac events. Univariate and multivariate Cox proportional hazard regression analyses were used to determine which ES variables were significant predictors of new-onset cardiac events. A cumulative cardiac event-free survival was calculated using the Kaplan-Meier procedure and compared using the log-rank test.
The results were presented as mean T standard deviation (SD) and P value of less than 0.05 was considered significant.
RESULTS
Patient Characteristics
Demographic and clinical characteristics of 63 patients indicated a high risk for developing CAD or ischemia ( Table 1 ). Most of them were males (75%), smokers (74%), and with family history of hyperlipidemia (90%), hypertension (87%), and cardiovascular diseases (54%). Also, 43% previously had myocardial infarction and 41% PCI. The majority received beta-blockers (83%) or angiotensinconverting enzyme inhibitors (75%) at the time of SPECT study.
Comparison of Image Quality
Based on the visual inspection, all gated SPECT MIBI images (ES, SS, and RE) were considered suitable for qualitative and semiquantitative analyses. The H/L ratio was significantly higher for the SS than ES protocol (0.50 T 0.09 vs. 0.46 T 0.09, P G 0.001).
Comparison of LV Functional and Perfusion Parameters
The perfusion parameters SSS and SDS were not significantly different between the ES and SS protocols ( Table 2) . Although EDV and ESV were not different, EF was significantly lower for ES than SS. The stress-rest difference in EF was on average negative for ES but positive for SS, resulting in a significant difference between the 2 protocols. Measures of the regional wall motion abnormalities (SSWMS and SDWMS) were significantly higher for ES than SS.
The linear regression analysis with ES as the input variable and SS as the dependent variable was significant (P G 0.001) for all parameters ( Table 3 , left). The goodness of linear fit was nearly perfect for SSS, SDS, EDV, and ESV (0.92 G R 2 G 0.98), and somewhat lower for EF and SSWMS (R 2 = 0.75, respectively). For the former 4 parameters, the slope was close to 1 and the intercept close to 0, suggesting nearly perfect match between the individual ES and SS results. The EF showed the lowest slope (0.65) and SSWMS had the highest intercept (8.5).
The results of Bland-Altman analysis revealed that the mean difference between ES and SS pairs (bias) was small for all parameters with the narrow 95% confidence intervals ( Table 3 , right). Visual inspection of the plots (not shown) revealed no evidence of systematic bias across the range of values.
Comparison of Early SPECT and Coronary Angiography
Coronary angiography was positive for a significant stenosis (970%) in 51 patients (81%) and negative in 12 patients (19%). The ES SPECT results were positive in 49 patients (78%) and negative in 14 patients (22%). The difference between 2 methods was not significant (P = 1.000, McNemar test) with the unweighted J coefficient for agreement of 0.79 (95% confidence interval 0.60Y0.99) ( Table 4 ). The sensitivity of ES gated SPECT was 96% (95% confidence interval 86%Y99%) and the specificity was 83% (52%Y97%).
Predictive Value of Early SPECT
The information about new-onset cardiac events was obtained in all patients. There were 21 events of interest, including 2 (3.2%) cardiac deaths, 2 (3.2%) nonfatal myocardial infarctions, 1 (1.6%) hospitalization for acute coronary problems, and 16 (25%) late revascularizations (5 CABG, 7.7%; 11 PCIs, 17.5%). Detailed SPECT findings in patients with and without cardiac events are reported in Table 5 .
Six ES parameters were significantly associated with the newonset cardiac events based on the univariate Cox proportional hazard regression analyses ( Table 6 ). Three of these 6 remained significant in the multivariate analysis, namely, lower early stress than rest EF of more than 5%, higher early stress than rest EDV, and SSS Q8. As OR indicates odds ratio; CI, confidence interval; P, value for the respective logistic regression model; EF, ejection fraction; ESV, end-systolic volume; EDV, end-diastolic volume; SDS, summed difference score; SSS, summed stress score; SSWMS, summed stress wall motion score; SDWMS, summed difference wall motion score. shown by the Kaplan-Meier curves (Figs. 1, 2) , the event-free survival rate was significantly higher in patients with less prominent perfusion abnormalities during early stress (SSS G 8) and higher early stress than rest EF (log-rank test, P = 0.001 and P G 0.001, respectively).
DISCUSSION
This study of diagnostic and prognostic utility of early poststress gated SPECT 99m Tc-MIBI protocol provided several new findings. First, the quality of ES images is suitable for clinical interpretation. Secondly, the perfusion and functional parameters from the 2 protocols closely match, although the ES protocol yields on average lower post-stress EF and greater regional wall motion abnormalities. Thirdly, in comparison to CA as the gold standard, ES parameters have high sensitivity and specificity for detecting significant coronary stenosis. Finally, lower stress than rest EF and severe reversible perfusion abnormalities are the significant predictors of future cardiac events.
A potential limiting factor for early imaging with 99m Tc-MIBI and 99m Tc-tetrofosmin is larger artifacts in the inferior wall due to high liver and subdiaphragmatic uptake. 13, 14 In the present study, we found significantly higher subdiaphragmatic activity on ES than SS images. Despite statistical significance, the difference was small and clinically not relevant because the artifacts did not interfere with clinical interpretation and quantitative evaluation. Previous studies of image quality yielded somewhat conflicting findings. The image quality of early 99m Tc-tetrofosmin imaging was comparable with the standard delayed scan, 2 which agrees with our 99m Tc-MIBI results. In contrast, Albutaihi and co-workers recently reported that the amount of subdiaphragmatic activity on early 99m Tc-tetrofosmin scan affected the automatic border detection in the inferior wall leading to inaccurate quantification of gated SPECT parameters. 15 The latter findings favor delayed acquisition of gated SPECT, in contrast to the recommendation of 99m Tc-tetrofosmin imaging optimization group. 15 The overall results indicate that the quality of ES images has to be thoroughly evaluated before proceeding with further analysis and clinical interpretation.
We used several methods for comparison of global LV parameters between the ES and SS protocols. The overall results indicate a close correspondence between ES and SS parameters (Tables 2 and 3) except for a smaller post-stress to rest EF on early scan. Smaller EF on early tetrofosmin scan was ascribed to higher subdiaphragmatic activity leading to an inaccurate automatic border detection. 15 However, high inter-observer and intra-observer reliability reported for our laboratory 16 and manual correction of edge detection provide assurance that the decrease in post-stress to rest EF on early scans is indicative of stunning. Thus, early post-stress images may better detect stunning in patients with normal or mildly abnormal LV function and intermediate Duke Treadmill Score. In addition, higher regional wall motion abnormalities in our study support previous assertions that the stress-induced regional wall motion abnormalities are highly specific for a severe angiographic stenosis and suggestive of myocardial stunning. 17Y19 Our follow-up results further validate the observed wall motion abnormalities because patients with the evidence of stunning on ES had a higher rate of new-onset cardiac events.
The J coefficient between ES and CA results fell within the range of substantial to almost perfect agreement. 20 The resulting high sensitivity and specificity of early post-stress findings against CA conform to the results of meta-analysis on diagnostic accuracy of standard post-stress gated SPECT MIBI for detecting relevant stenosis. 21 Thus, our findings suggest that the ES protocol has the same diagnostic accuracy as the SS protocol, and, for practical purposes, the results can be used interchangeably.
The prognostic value of standard stress MIBI SPECT perfusion imaging has been established in previous clinical studies. 22Y25 Standard stress functional parameters, such as significantly lower post-stress to rest EF and higher ESV, increase the utility of clinical and perfusion measures for predicting cardiac death and provide clinically useful risk stratification information. 26, 27 Our study provides evidence that early post-stress parameters, including lower post-stress than rest EF, larger post-stress than rest EDV, and SSS Q8, are significant predictors of future cardiac events. This is reaffirmed by significantly shorter event-free survival among those with evidence of severe perfusion abnormalities and ischemia on early scan.
Study Limitations
This study has some limitations. First, it was not possible to perform attenuation correction of SPECT images in order to reduce possible image artifacts. Secondly, regional wall motion abnormalities were visually assessed by the 2 experienced nuclear medicine physicians. Although not perfect, we believe that our approach is more appropriate than the available semiquantitative automatic computerized analysis. The 2-day high-dose stress and rest protocol, as opposed to a single-day low-dose stress and high-dose rest protocol, yielded images of high quality that ensured accurate visual assessment of wall motion abnormalities. Finally, the number of new cardiac events was rather low, which prevented the analysis of each cardiac event (cardiac death, myocardial infarction, and late revascularization) as a separate endpoint.
CONCLUSION
Early post-stress gated SPECT MIBI protocol provides results comparable to the standard protocol that are valuable for diagnosing the existing CAD and predicting future cardiac events. Thus, early and standard post-stress gated SPECT MIBI may be considered complementary for noninvasive evaluation of CAD. The potential advantage of early over standard gated SPECT MIBI is better assessment of myocardial stunning due to a shorter wait time between the exercise stress test and SPECT acquisition. Early imaging is also expected to increase patient compliance and cost-effectiveness of services.
